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1. Introduction
The numerous lakes, situated on both sides of the Amazon in the more or less wide
zone of recent alluvial flood land (vfuzea) which is inundated eachyear, are considered as
rich in fish and very productive by the indigenous population in general. As SIOLI (1968)
stressed, as most important primary producels in this respect, the phytoplankton and the
floating meadows have to be considered. Very little direct numerical data on primary pro-
duction in avárzea lake is available up to now and most of it comes from MARLIER
(te67) and JUNK (1970).
Within the scope of a comparative investigation on primary productivity of phyto-
plankton in the three different types of water of Amazonia (white, black, and clear water,
compare SIOLI 1965), as an example of a white water a standing water appeared more fea-
sible than a river, even though in the latter this water type is expressed the most clearþ.
Because ofunfavourable living conditions for free floating algae,an autochthonous deve-
lopment of phytoplankton is possible only to a limited extent, if at all, in a white water
river, as for example the Amazon itself, due to the great mineral turbidity and the consider-
able current. The algae found in such rivers (SCHMIDT l97O) are probably individuals
washed into them from places with more favourable conditions such as shore lakes and
other affluents.
In places where the white water comes to a standstill, its mineral matter causing the
turbidity is sedimented. Due to the resulting improvement of the light conditions in the
water and the relatively favorable concentration of plant nutrients in the white water
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The exposwe of the samples took place in situ by hanging the bottles horizontally (bottle clasps
according to Ohle. In each depth two light bottles and in the uppermost and lowermost depth add-
itionally two dark bottles were exposed. The dark bottles were wrapped in hgusehold aluminium foil twice.
These wrappings were guaranteed impervious to light and protected the dark bottles which were hung at
the water surface against heating due to radiation of the sun better than a dark covel. After having been
used once, the aluminium foil was thrown away.
The exposure was started in the morning around around 7 a.m. and took 24 hou¡s. This relatively
long exposwe period was chosen even though several authors (for example VOLLENWEIDER and NAU-
WERCK, 1961;SOEDER and TALLING 1969) recommend shorter exposures. Using shorter exposr¡re
times, however, definite difficulties a¡ise if the values gained in such a fashion should be recalculated for
a whole day period. As became evident from experiments of OHLE (1958; 1961), VOLLENWEIDER and
NAWERCK (196i), DOTY, NEWHOUSE and TSUDA (1967) and others, the photosynthetic activity
of the phytoptankton is subject to considerable fluctuations at different times of the day, which are of
endogenic and exogenic nature. Of course, the mistake which occurs when using the bottle method, and
rvhich consists of the omission of exchange processes around the single aþa cell ("Wascheffekt", see
OHLE 1961) etc., is less with shorter exposrue times than it is with longer ones. In total however, this
mistake seems to be more constant and thereby less problematic than that which results due to the recal-
culation of production values of a few hou¡s to a whole day. The best method of finding out the real pro-
duction of a day is, without doubt, the addition of results of several, short-period, successive exposures as
they have been made by VOLLENWEIDER and NAUWERCK (1961) and in the year 1956 for the first time.
Because of the considerably higher expenditure in our investigations this method could only have been
made use of with two seties which concerned a more specific question.
The calculation of the results was done according to the usual,procedure (STEEMANN NIELSEN
1952; RyTHER 1956; HüBEL 1966; GOLDMAN, STEEMANN NIELSEN, VOLLENWEIDER and WET-
ZEL L96g a.o. ). The values for the dark assimilation were thus subtracted from those for the light bot-
tles. Since the da¡k bottles we¡e only exposed in the uppermost and lowermost investigated depths, the
values for the layers lying in between were interpolated.
Since the question of whethe¡ with the radiocarbon method the gross or the net production, or
values in between respectively were determined has not yet been decided (STEEMANN NIELSEN 1952;
RYTHER 1956; FOGG 1969 a.o.), and with the 24 hour exposüe the CO, expelled by respiration ori-
ginates essentiatly from photosynthesis so that the loss of respiration has already been included (GESS-
NER 1959; FOcc 1969; SOEDER and TALLING 1969; VOLLENWEIDER 1969 etc.), the ¡esult of the
subtraction 
- 
light value minus dark value 
- 
was taken as net production Ihe gloss poduction of carbon is
composed of the amount of incorporated C which at the end of the experiment can be detected, and of
the cæbon amounts which during the time of the experiment were lost due to respiration of CO, and ex-
cretion of organic C compounds. Since the last two values could not be determined directly, the values
given as gross production can only be viewed as estimated values. To determine them, lOVo of the rate
of photosynthesis at lþht satuation 
- 
which corresponds to the value for optimal production density 
-
was taken as the value for the real respiration (compare STEEMANN NIELSEN 1952; STEEMANN NIE-
LSEN and JENSEN 1957).
According to WESTLAKE (1965) it is understood that production is the produced amount of C per
unit volume and productivity is the production per unit time. Finally, the remark of OHLE (1962), acc-
ording to which all primary production values obtained by the Cra method should be considered as mini-
mum values since all its mistakes simulate a too low production, should be borne in mind.
3. Characternation of the lake
The Lago do Castanho is a medium sízedvátzea lake and lies in the area of Jana'uacâ,
about 50 km south-west of Manaus on the right bank of the Rio Solimões, as the Amazon is
called above the mouth of the Rio Negro in Brazil (see Fig. 1).
The general limnology of the Lago do Castanho was comprehensively covered in a
previous study (SCHMIDT lg13 b) so that here only a short characteñzalion seems to be
necessary. Its area and maximum depth fluctuate considerably in the course of one year.
At high watet the area is approximately I ,5 
- 




(compare SCHMIDT 1972 a), a much greater population density of the phytoplankton is
made possible. Such a sedimentation of the mineral suspensoids of the white waters takes
place to a remarkable extent particularly in the várzea lakes which are inundated each
year by the river. A phytoplankton development which corresponds to the content ofdis-
solved nutrients in the white water can be expected above all in those várzea lakes which
are in direct connection with the main stream during the efitÍe year and whose basins, due
to the great water level fluctuations, are filled and entirely emptied once a year, and where
the influence of other affluents which could change the chemistry of the water which had
originally flowed in is very small. The direct influence of rain in the course of a year fall-
ing on such a lake a¡d its immediate surroundings can however not be eliminated.
On the basis of these viewpoints and the practical considerations, as for example how
to maintain Manaus as a base using a smaller boat for our investigations in Brazl, the Lago
do Castanho was chosen as the object of investigation (compare SCHMIDT 1973 a).
I am grateful for the review of the manuscript and valuable suggestions to Prof. Dr.
W. Ohle, Plön, and Dr. R. Geisler, Freiburg. I also want to thank at this point once more the
persons mentioned in the first part of this series who had part in the success of the investi-
gations.
2. Methods
2.1. Depth of visibility (transparency):
White Secchi disc of approximately 30 cm diameter
2.2, Lux measurements:
Lux meter with selenium photocell (Lange, Berlin);one instrument was sunk to the depth and the
other remained on the water su¡face; at higher light intensities a Platinopal pan (1 : I 00) was put on.
2.3. Chlorophyll:
Method according to UNÇEMACH (1960), slightly mgdified. Wate¡ samples of 250-500 ml were
filtered through membrane filters of medium pore size (0,5 p, type MF 50, Göttingen) immediately after
being taken. To destroy the chlorophyllase the filters were subsequently heated over water vapour for
45 seconds. The extraction was done using 96% double distilled ethanol and took 24 hours, keeping the
sample in the dark. Thereafter they were heated for one hour to 70oC to finish the ext¡action. The filte¡-
ing of the extract through "Blauband" filters served to remove materials causing turbidity.
The colour intensity was measured in a Zeiss Elko II photometer using a filter J66, and with the
Zeiss Spectrophotometer PMQ II at 665 nm.
The values given relate to a calibration with chlorophyll a puriss. of the firm of Sandoz (Basel),
which was also dissolved in ethanol. Since due to technical ¡easóns no comparative measurements at dif-
ferent wavelengths could be made, a separation of the values for the phaeopþments was not possible.
2.4. Primaty production :
The determination of primary production of phytoplankton was conducted according to the radio-
carbon method of STEEMANN NIELSEN (1952) as in-situ method.
Because of the low bicarbonate concentrations, the determinations of the initial content of assimi-
latable carbon in the water had to be given special attention (SCHMIDT 1968). Marking was done with
NaHCtaO, (IpClml,International Cro Agency, Copenhagen) adding 1 ml to each experiment bottle of
approximately 125 ml. From the beginning of the investigation it was known that the bicarbonate con-
tent of most of the waters in Amazonia was very low; therefore the Cta flasks were produced without
carrier substances in order to prevent an artificial, additional increase in the carbon supply in the experi-
ment bottles. On the basis of his experiments in soft and acid waters in Denmark, NYGAARD (1968) re-
mmmended that in such cases carrier substances generally be dispensed with.
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way of an approximately 7 km long and narrow natural channel, the Lago do Castanho is
in direct connection with the Rio Solimões throughout the entire year. Thus the seasonal
water level fluctuations of the Amazon which at Manaus ¿Ìmount to an average of l0 m
have an immediate effect on the lake. They induce the most important seasonal changes in
the chemical-physical and biological conditions of this water. The heights of the water level
of I-ago do Castanho which have been indicated in Figure 3, come from water level values
for Rio Negro at Manaus, which are being collected by the Manaus Harbor Administration
and have been kindly put at our disposal. Because of the basic agreement of the water level
fluctuations of the Rio Negro and the Amazon in the vicinity of the city, the use of this
data was possible also for Lago do Castanho. Only with especially intensive water level
changes, which may arise particularly around the time of minimum water level, the water
level curve determined for Rio Negro does not give a completely correct view of the con-
ditions aI Lago do Castanho. This can be traced to a certain delay in equalisation of the
water level of the lake and of the river due to the narrowness of the connecting channel.
Therefore, a correction for the time of the lowest water level of 1967 as given in Fig. 3 has
been made. It is based on three depth measurements in the lake itself.
Not considering the direct rainfall, Lago do Castanho receives its water practically
only from Rio Solimões. During the phase of inflow of riveq water the salt content in the
lake is at its highest, before the beginning of the yearly rise in water level is at its lowest.
The electrical conductivity of the water fluctuated during the period of the investigation
from August 1967 to April 1970, between l6 and 59 ¡1526/cm. The most important dissol-
ved salts in the water are calcium and magnesium bicarbonate. The range of total iron con-
tent is quite high (0,17 to 4,05 mg/l dissolved and suspended iron). Due to the general low
total salt content and thus also low concentration ofcalcium bicarbonate, the buffering
ability of the water is rather low, but tluring the period of minimum water level it is indeed
extremely low. In this phase the seasonal fluctuations of the CO2 concentration caused by
the photosynthesis of the phytoplankton can bring about stronger pH fluctuations and then
values of almost up to pH t have been observed. In general, the pH values fluctuate only be-
tween 6 and 7.
There is no seasonal difference in water temperature. Even the daily temperature
differences are slight, however, a remarkably stable stratification of the water body develops
quiokly. If the water level reaches a height above 5 m, the partial circulations caused by coo-
ling during the night do not generally reach the lake bottom. During the entire period of in-
vestigation, homcithermy could not once be observed when the water level had exceeded the
mentioned height. This means that the lower water layers had to stagnate during the entire
high water phase. During that season, in fact, oxygen could never be proven in the deeper
water layers, but H2S was always present.
Frequent full circulations take place in the Lago do Castanho during the low water
phase.
The mineral matter causing turbidity is transported into the lake basin at rising water
level from the river sediment there 
- 
at least for the greatest part 
- 
very quickly. During
low water phase, however, due to wave movement, the upper layer of the sediment is re-
suspended. Then the turbidity of the water increases very much and reaches obviously greatet
values than in,the Amazon itself. Despite these unfavourable optic conditions especially du-
ring this season, a specially strong development of phytoplankton was regirlarly observed
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(SCHMIDT 1969). This has been traced to the following causes:
a. Improved nutrient supply due to mineralization of the floating meadows which die
with falling water level
b. Nutrient return from the sediment and the lower water layers respectively, which
had stagnated at high water for a longer period
c. Maybe a certain allochthonous nutrient supply from the shore region in connection
with the already increasing heavier rainfalls before the rise of the river.
As will be shown in the further course of this paper, a specially high chlorophyll and pro-
duction density could be observed during this phase.
All investigations were conducted from a station situated above the deepest spot in
the lake which is located in about the centre of its main part.
Parallel to the production determinations, phytoplankton samples were also taken.
Their qualitative and quantitative evaluation has not yet been finished. So far the following
become apparent: The number of determined speciesl)in the samples taken with a net of
10 micron mesh size varied between 35 and 45. Not only the quantitative but also the qual-
itative development of the phytoplankton showed very obvious seasonal differences. The
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4.1. Production density (production per unit volume):
The primary production of phytoplankton in Lago do Castanho is characterised by
two typical signs as can be seen from the results for the net production from August 1967
to October 1968, shown in Fig. 2. On the one side, the production takes place only in a
relatively thin layer which varies according to the seasonal condition in its extent, and which





















































































is extremely thin during the phase of resuspension of the upper sediment areas. The values
given in Figs. 2 and 3 for the Secchi transparency and the depth in which still l% of tJl.e
[ght on the water surface is present, show that especially favourable optical conditions
never exist in the water body. The thickness ofthe euphotic zone fluctuates in total be-
tlveen about 3 m during the second half of the high water phase and less than 0,5 m during
the extreme low water Phase.
The second typical characteristic is a relatively large production density at the opti
mum depth (Pru* = gClml lÐ. The greatest net productivity per unit volume occurred on
15 November 1-S6l wilcr- t,8 g C/m3/d and with 2,15 gClm3ld on 23 October 1969, also
at the time of lowest water level. The rest of the year the maximum production density is
considerably lower. It reaches its minimum during the inflow of new river water into the
lake basin"because of bad light conditions and diluting of phytoplankton densities by the
inflowing river water. The lowest value for the net productivity in the optimum depth was























Fig. 4. Lago do castanho: Primary production of phytoplankton on some days during the
high water phase 1969.
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Due to the unf-avourable light situation in the lake, the greatest production density
was always observed immediately close to the water surface during the rising of the watir
level and during the lowest water level (see Figs. 2,7 , and 9). In the season in which the wa-
ter level reaches its maximum and is beginning to fall again, namely from about the end of
May until the beginning of September, the maximurn of th. productivity per unit volume
could be found at a depth of 0,5 m. only in rare cases couldã depth of I m be found for
the maximum production density (Fig. 
 ). At that time the water showed its greatest trans-
parency.
4.2.Prcduc|ivity per unit area:
When^looking at the results shown in Fig. 3 regarding the net productivity per unit
arca (gClm2 ld), one can see direct connections between tÃe productivity and the chloro-phyll content of the water as well as to the Secchi transpur.n"y and the position of the l%
lux limit indicating the optical conditions in the water body. Because of the great complex-
ity of the general limnology of l,ago do Castanho, especially in view of the factors relaied
to the water level, a somewhat.constant relationship between the primary production ofphytoplankton and only one single parameter, as for example turbidity, is not possible and
also not to be expected, however.
At the beginning of the examinations, namely in August 1967 ,lhe net productivitybelow 1 m2 amounted to 0,8 g C (compare Fig. 3). In the iollowing month, a clearincrease
could be determined. At the same time the production density in the optimal depth had
increased slightly. The Secchi transparency, however, had decreased from 1,9 m to 1,3 m
during that period. The situation with the position of the l%lux limit was similar. Until
the next examination on 26 October 1967 the water level had fallen further. Connected
therewith was an especially great increase in productivity and a drastic deterioration in the
optical conditions. Ofspecial interest in this connection was the considerable increase of
the production density at the optimal depth. It caused the V/A coefficient (production den-
sity at the optimal depth as production per unit volume in relation to production per unit
area) to increase markedly, to above 1,0. This was a situation characteiistic for this *ur*.
Approaching November, the tendencies which became apparent in the month before
w-ere amplified. The production density reached the peak as alieady mentioned in this month
of the entire yearly cycle. Because of the especia[y high turbidity ãf the water 
- 
visibility
was only 2O cm 
- 
the photosynthesis had utr.uayiracled the zero point at 0,5 m. As the
ctrlorophyll concent¡ations-giren h fig. 3 indicate, the phytoplankøn density reached its
maximum during this time also. Because of the extremely thin layer in which photosyn-
thesis by phytoplankton was possible under the existing conditions, the production per
area had decreased as compared to the month of October. In view of the fact that aithlspoint in time the productive layer was only a few- decimeters thick, the production density
should really be given in mg Cll instead of g C/m3 
, which in the end is naturally the same.For simplicity's sake, however, the designation g C/m3 remained in use.
Till the following examination on 21 December 1967,the water level of Lago do Ca-
stanho had again risen about 80 cm above its yearly minimum, but was still so low that the
surface of the sediment could still be churned up by the waves. The water therefore remain-
ed turbid so that primary production of phytoplankton remained concentrated in the thinlayerjust below the water surface. The produciion density however also reached a consi-
388
derable extent, although the area production had decreased still further (Fig. 3).
In the following season the production density remained below the level which had
been observed during the extremely low water phase. The V/A coefficient decreased and
was, as of March, below 1,0; only in May did it increase once shortly above !|iis limit.
During the further increase of the water level, the population density of phytoplank-
ton was relatively low at first, as can be seen from the chlorophyll data for the months of
Jatuary and February 1968 (Fig. 3 and Table l). The production per area remained at the
same level during the same period as in December 1967.In March 1968, however, an extra-
ordinarily strong increase of the chlorophyll concentration in the lake and thus of the pop-
ulation density of the phytoplankton took place, connected with a markedly increased pio-
ductivity under the unit area. This somewhat unusual situation in this season rur 
"urrtrd 
by
a 14 day stagnation period of the water level before ttre time of examination. This event is
quite remarkable since normally the water level rises continuously during this season. Very
favourable conditions now existed for the phytoplankton in two respects. On the one hand
was the improved light penetration of the water (the l%lux limit was around 2,9 m and
t:he transparency was 2 m), and on the other hand was the, as yet virtually undiluted nutrient
content of the inflowing whitè water. The considerable increase in area production as com-
pared to the lowering production density in the optimal depth was not a contradiction, since
photosynthesis was now possible at greatw water depths (compare Fig. 2).
Table 1: concentrations of chlorophyll a in ¡qllat different depths of Lago do castanho.
Deprh L967 1968






























Such favourable production conditions are, however, an exception at this season. In
the following two months, therefore, the chlorophyll and the phytoplankton concentrations,
as well as the primary productivitydecreased due to renewed rise in water level and connected
inflow of turbid river water, and reached the same level as in January and February. The im-
proved visibility on23 May as compared to April showed that the phytoplankton develop-
ment had not yet fully adjusted at that time to the improved optical conditions.
As soon as the water level of the river ceased to rise, and therewith the supply of min-
eral material causing the turbidity ended, the productive zone in Lago do Castanho reached














































ber. In the year of our examination, the net production per area varied between about
1,0 and t,5 g Clmz ld, and thus was within its annual maximum range. The relation be'
tween production density and area production remained fairly constant at the same time.
In October a clear decrease in phytoplankton density and primary productivity could be
observed. Since the low water conditions in 1968 in this region were far outside the usual
annual fluctuations (SCHMIDT 1972 a;1973 b), the examinations of a yearþ cycle were
closed at this point.
4.3. Dynamics of primary productivity in the lake:
In the section in which the annual cycle of the primary productivity of phytoplank-
ton in Lago do Castanho was to be investigated, only a monthly determination rhythm was
possible. It was expected to yield insight into the order of magnitude. However, to deter-
mine how far the values for this interval were representative and what fluctuations could
appear within a few days, measurements were taken at intervals of 1 
- 
3 days during the
three characteristic phases of a lake-year production sequence. These three phases were
the period of fast-rising water level, the maximum, practically stagnating water level, and
the minimum water level. At the same time, first insights were to be gained into the dyna-
mics of the production conditions within such intervals. The daily division of photosyn-
thetic activity of the phytoplankton was furthermore studied in two series.
In Figs. 4 and 5 the results for the time of highest water level in the year 1969 are
given. During the first series, fhe water level had still been rising slightly, then stopped at
its highest annual maximum. Altogether six series were measured at the interval of three
days each. The visibility varied during these days only slightly and was, with values of around
2 m, also within the determined maximum range. The production density also remained re-
latively constant. The results for area production were close to I gClm2 ld on 4 of the 6
days of examination and varied on the other two days with 0,75 and 1,3 gClm2 ld respec-
tively. This mean value of ! gClm2 ld was, however, considerably higher than the value
which had been determined in May the year before (Fig. 3). As was already mentioned,
more or less great fluctuations in the extent and seasonal distribution of rainfall as well as
of the water level of the river are the rule between the years. Therefore one cannot direct-
ly compare days of test of one year with those of another year, and only the corresponding
water level and rainfall phases can practically be compared. Thus, for example, besides the
absolute height of the annual high water, its exact time of arrival can vary. Normally at Ma-
naus, the water level maximum is reached between the middle of May and mid-June.
The reduction in area production between 20 and 23 May 1969 (Fig. 5) can be traced
to a temporary decrease in phytoplankton content due to dilution by rain which fell during
the nigþt from the 2}lhto the 21st in a storm. A measurable dilution of the phytoplankton
content close to the surface appears to be made possible by the heavy rainfall. Further-
reaching conclusions cannot be drawn from the data available.
The conditions met in October 1969 during the phase of extreme low water and re-
suspension of mineral material causing turbidity which had settled during the inflow of
river water, correspond fully to those described for the months of October and November
1967 .ln 1969 as well, a high production density close to the water surface was character-
istic (Figs. 6 andT).In Fig. 7 the results of a series of measurements are also given where
the exposure began at 4 p.m. (16 h) instead of at 7 a.m., as had otherwise been the case.
These experimental conditions proved to be clearly unfavourable.
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Fig. 5. Lago do Castanho, May 1969: High water phase area production and production
density in the optimal depth zone, compared with Secchi transparency and chloro-
phyll concentrations pet m2 of the trophogenic zone and in the depth of maximum
production densitY.
[l ] = water level in m
[2] = transparency (visibilitY)
[3 ] = primary production of phytoplankton in e C I m2 | d and g C/m3 /d respectively
[4] = chlorophyll a in mglm2 and mgim3 respectively.
The lowest production density and the lowest area production fall into the period of
intensively rising water level. This was confirmed by the results given in Figs. 8 and 9, which
were obtained during fìve consecutive days at the end of February-beginning of March.
During these days the chlorophyll content and net productivity remained at 0,04 
- 
0,08
mg chlorophyll alm2 and 0,3 gClm2 ld respectively. Characteristic for a vertical distri-
bution of production in thiS period is a low production density at the optimal depth and
the position of the maximum production density immediately below the water surface
with a thin productive layer. In contrast to the situation at extreme low water, the pro-
duction density in this period is considerably lower; the extent of the productive layer,
however, is already somewhat larger.
In Fig. 10 the results of two series of examinations in the determination of daily
activity of phyloplankton in Lago do Castanho have been combined. Because daylight
lasts for l2 hours in this latitude, three partial series of four hours in length each were. suf-
fìcient. As can be seen, the photosynthetic capacity on two days was considerably lower
in the hours between 14.00 and 18.00 than during the rest of the day. Highest production
was recorded on 9 October between 6 and 10 a.m. On the following day, however, it was
highest at 10.00 to 14.00. The addition of the results of the three partial series gave va-
lues which werc 6% and 2S%hi$rer respectively than those which were determined for
the 12 hour exposure of the same day. Thus they were of the same magnitude as those of
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Fig. 6. Lago do castanho, october 1969: Low water phase area production and produc-
tion density in the optimal depth zone, compared with secchi trarsparency, l%
lux limit and the chlorophyll concentrations per m2 of the trophogenic zone and
in the depth of maximum production density.
[1] = water level in m
[2] = Secchi transparency and depth of the l% lux limit
[3] = primary production of-phytoplankton in gclm2 ld and gclm3 ld respectively
[4] = chlorophyll a in m1lm2 and mg/m3 respectively.
From the results given in tnts chapter it can be seen that the conditions of produc-
tion in Lago do Castanho vary only slightly within a few days. This means that monthly
test results are to a great extent representative of those for that particular season. RHODE(1958) and.RH0DE, V0LLENWEIDER and NALWERCK (196-0) on the conrrary obser_
ved partially very great fluctuations in primary production in Scandinavian lakes on con-
secutive days. The different situation in Lago do Castanho has to be explained therefore
by the fact that the conditions of production with respect to the light factor depend less
upon the daily fluctuations of the weather and the light intensity connected theiewith, but
rather upon the slowly changing optical conditions within the water body itself.
From the oourse of the production curve, the given values for the visibility depth, thel%lux limit as well as the results of the turbidity and color measurements (SClffr,rdr lg73 b)
and the results of fertilizing experiments (SCHMIDT unpublished), it became clear that in
Lago do Castanho the most important factor limiting production is not so much the nu-
trient content as it is the light conditions in the water.
4.4. Gross productivity:
It was only possible to calculate the gross productivity since a'direct determination










Fig. 7. Primary production of phytoplankton in Lago do Castanho during the low water
phase 1969. Lower. curve = exposure beginning at 16.00 hours
Upper curves = exposures beginning at 07.00 hours
c/m3/d
Clm2ld
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Fig. 8. Lago do Castanho, February 
- 
March 1970, phase of intensively rising water level:
Area production and production density in the optimal depth zone, compared with
Secchi transparency, l%luxlimit and the chlorophyll concentrations per m2 of the
trophogenic zone and in the depth of maximum production density.
F] = water level in m
[2] = Secchi transparency and depth of +he l% lux limit
[3] = primary production of phytoplankton in eClm2 ld and gClm3 ld respectively
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Fig. 9. Primary production of phytoplankton in Lago do Castanho on some days during

















Fig. 10. Daily differences in photosynthetic activity of phytoplankton in Lago do Cas-
tanho during the low water phase 1969.
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of 1,9 gClm2la on 28 August 1969 and a minimum of O,42 eClmzld on 4 March 1970
gross productivity per unit area. The range within which the values for the gros,s produc-
tiulty p.t unit volume in optimal depth could fluctuate lay between 2,4 gClm3 ld, on23
October 1969, and 0,35 gClm3 ld on 3 March 1970. In all, the gross productivity per unit
area was about 25 
- 
40% greater than the corresponding net productivity.
4.5.Dark fìxation:
The results of dark fixation of C14 also showed interesting relationships. The values
for zero meter water depth fluctuated between I 
- 
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Fig. 1 1. Dark fixation of C14 by phytoplankton in Lago do Castanho.
Solid line = absolute values in gClml ld
Broken line = proportion of dark fixation as 7o oflight fixation
Thus they were somewhat lower than those found by STEEMANN NIELSEN and JEN-
SEN (1957) and STEEMANN NIELSEN (1960) in several sequences of measurements
made in fresh water and marine areas. In the season of minimum water level the absolute,
values for dark fìxation were relatively great even though their percentage fraction had not
increased at the same time. In the second half of 1968 however, obviously greater portions
of the dark fixation of the total fixation, and at the same time an increase in the absolute
values of dark fixation could be observed. The mean maximum of 1968 shown in Fig. l l
coincides with an increased chlorophyll content per unit area 
- 
again calculated only for
the trophogenic zone * and was connected with a decrease in production values (compare
Fig. 3). This leads to the conclusion that on the day of examination there was present an
over-aged algae population and increased development ofbacteria.
4.6. Annual production:
By planimetry of the curve of daily values (SOROKIN 1959) shown in Fig. 3 a net pro-
duction of phytoplankton of 297 ,6 g C/m2 was calculated for the period between the end of
August 1967 and the end ofAugust 1968. This corresponds to an annual value ofabout 3 t
C/ha. The direct average value of net production per day amounted to 0,8 g Clm2 in that same
period.
As gross production, 358 gClmz was calculated for that year. The production of
395
phytoplankton in Lago do Castanho is thus 
- 
also when considering the annual values 
-quite considerable. One has to consider though that in this lake the phytoplankton can be
active throughout the entire year. Despite the clearly differing seasons caused by the dra-
stic water level fluctuations, there are no rest periods or other interruptions in the develop-
ment of organisms of the plankton. Probable rhythms of development of the various spe-
cies ofplankton are not ofinterest in this connection.
This is clearly valid as well for the other vá¡zea lakes of Central Amazonia which are
also filled each year with white water 
- 
and are thus fertilized 
- 
and which dry up almost
completely with low water.
The annual production for the entire lake surface is naturally considerably lower
than may be assumed from the range of the primary production per m2 and per hectare re-
spectively since this value is strongly reduced by the enormous seasonal fluctuations in the
area occupied by the lake. Lacking siutable data regarding the area, no calculations for the
primary production,of the entire area of the Lago do Castanho could be made. Even esti
mates seem of little sense since the magnitude of area variations can be recorded concretely
only with much difficulty.
In contrast to the continual living and production possibilities for the phytoplankton,
even with very different total lake areas in the various seasons, the other important pri-
mary producers in Lago do Castanho and in similar waters, namely the floating meadows
in littoral regions, cease to exist for a specific period. They dry up with receding wate¡ level




The magnitude of primary production in Lago do Castanho is controlled by a very
complex interaction of the light and nutrient conditions which are in turn dependent on
the regime of the water level. In this connection the light facior seems to be the more im-
portant one, as has already been mentioned. Because of an always considerable content of
dissolved and suspended matter in the water of organic and inorganic nature, which is auto-
chthonous as well as allochthonous in origin (compare SCHMIDT lgl3b),the depth of vi
sibility in the lake nevèr èxceeds about 2 m.ln the rarest cases do they seem to be limited
exclusively by the phytoplankton, as is the case in many clear waters of other regions. Even
in the season when no turbid river water flows into the lake basin, it is influenced by the
dissolved and suspended organic matter coming from the floating meadows and the inundated
shore forest. With an 02 deficiency of mostly 3o 
- 
SoVo, the KMnOa consumption of the
water was generally constant between 40 
- 
60 mgil and seldom fell below this range. In
these figures the fractions of dissolved and undissolved matter are included (SCHMIDT
1973 b). Assuming that approximately 4O% of the organically bound carbon is oxidized by
the KMnO4 in natural waters (JLJDAY and BIRGE 1932),the total C concentration for La-
go do Castanho of l0-l 5 mgll can be calculated. The carbon content calculated after
CUSHING (1958 a) roughly from the average ctrlorophyll concentration (0,052 mg[) which
was bound in the phytoplankton, amounted on average to only 0,8 mg/l. The difference is
quite considerable even taking into consideration that the C content of the water calculated
from the KMnO4 values can only be taken as an approximate guide value.
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In the previously mentioned experiments on the effect of fertilizer addition, an ad-
dition of P and N and certain trace elements to the bottles with unaltered phytoplankton
sanrples resulted in only relatively unimportant changes in the absorption rate of C14 in
the Lago do Castanho as compared to the Rio Negro (SCHMIDT in preparation). These re-
srrlts also stress the controlling importance of the light factor to the primary production of
phytoplankton in the virzealake. More specific details of these tests will be reported sepa-
ratelY-
A further confirmation of these assumptions was obtained by the fact that in the Rio
Tapaj6z, where production measurements were also made in its lake-like lower course, de-
spite the substantially lower concentra-tions of plant nutrients, in some cases higher net pro-
duction rates of phytoplankton per m2 could be measured than in Lago do Castanho. This
was possible because of a substantially greater light penetration depth and because the pro-
duction per unit volume did not nearly reach the densities encountered in that várzea lake
(SCHMIDT in preparation).
If one compares the primary productivity of phytoplankton in Lago do Castanho with
the fìgures JLiNK (1970) gave for one of the most important components of the floating
meadows of Amazonia, the Graminea Paspalum repens, namely 6-8 t of dry matter per he-
ctare per year, one can see a good conformity of the two. With a medium carbon content
of the algae of around 5O% of the ash-free dry weight (SOEDER and TALLING 1969), one
can estimate the net primary productivity of the phytoplankton in Lago do Castanho at
around 6 t ash-free dry weigþt per hectare per year.
However, this is not to be confused with the '!ield" at the end of the year (def. see
WESTLAKE 1965). Whereas with floating meadows one could harvest more or less the en-
tire net production at the end of the vegetation period, this cannot be done with phyto-
plankton. By reason of the substantially shorter generation life and thus the greater turn-
over rate of the various components, the organic substances of which are produced by the
phytoplankton in the course of ayear, are considerably different from those which can be
harvested theoretically at the end of a year. If one uses the conversion factor of CUSHING
(1958 a) 
- 
1 mg chlorophyll corresponds to around 15 mg atgal C 
- 
one can roughly cal-
culate the mean algal biomass of the trophogenic zone of Lago do Castanho as about
1,9 gClm2 and 3,8 g ash-free dry weight/m2 , i.e. 19 and 38 kg per hectare respectively. It
is clear that these figures, which were taken from the values obtained from the first year of
the investigations, can only be taken as rough guidelines. On the other hand there is an ave-
rage gross productivity of 1,1 g Clm2 ld. From these data, an average C turnover rute of 1,7
days can be deduced. These figures lie far below those which CUSHING (1958 b) determined
for stations in the North Sea and correspond to RHODE's (1958) most favorable values for
inland waters. It is not surprising to find such short turnover time in Lago do Castanho con-
sidering that the average water temperature is around 30'C (SCHMIDT 1973 b).
MARLIER (1967) using the oxygen method in the small vârzealake, Lago Redondo,
also in the vicinity of Manaus, determined a net production of phytoplankton in different
seasonsof between0,ll and0,95 ppm02lUd.Witharespirationquotient(RQ)of 1,1 
-
a value which in some of our own tests yiélded the best agreement with the C14 values 
-
this corresponds to carbon values of 0,038 and 0,327 gClm3 ld respectively. As average va-
lues of net productivity Marlier gave O,32 ppm O2lUd, i.e. O,l I eClm3ld. He calculated
as annual net production for Lago Redondo around 52 gClmz,using an RQ of 1,2.
Taking an RQ of 1,1, the annual production is increased to around 57 gClm2.Marlier
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determined an annual gross production of lO7 gClm2 (RQ = 1,1). Thus his results were
considerably below those determined for Lago do Castanho. Afurther essential difference
in the conditions which Marlier described for Lago Redondo and those in Lago do Cas-
tanho was the fact that he obtained a maximum production density (g C/m3) in May and
August and a minimum during the low water phase. Since he did not, however, determine
a surface value during the low water phase, his conclusions have to be questioned. As repor-
ted above, Lago do Castanho clearly had a very high production density, even though a very
thin trophogenic zone, near the water surface on all test days at that time. For this reason, it
is possible that the value determined for a year by Marlier is so low.
Within the scope of my own tests it was possible to compare with a single investiga-
tion series the production of five different vá¡zea lakes which also were in the vicinity of
Manaus. Lago Redondo was, however, not among them. It appeàred that Lago do castanho,
with respect to its production, was in close agreement with the other waters examined
(SCHMIDT in preparation). Further details will be reported separately.
Comparing the production conditions of the phytoplankton in Lago do Castanho
with those of other waters of different regions, it can be seen that the curve of production
in such a várzea lake is so variable between high and low water that one could be dealing
with two completely different waters. For example, the curves of the vertical distribution
of production in Lago do Castanho at high water resemble those which TALLING (1965)
described for Lake Edward in Uganda. At low water, the conditions of Lago do Castanho
resemble those of Lake George, also reported by the mentioned author. In their absolute
magnitude as well, the determined values of production correspond during the climax of the
two seasons in Lago do Castanho with those reported by Tatling for the two African
1akes.
In many waters the relationship between Secchi transparency and primary production
ofphytoplankton is so constant that the first can be employed as a useful tool for direct es-
timation of the other factor (VOLLEN\ryEIDER 1958). That this can also be the case with
shallow tropical and subtropical lakes respectively can be deduced from the ¡esults of
ALEEM and SAMAAN (1969) for Lake Mariut in Egypt.In Lago do Castanho this relation-
ship was not marked as clearly because of the great differences in turbidity and its non-
planktonic portion (Fig. 12).
with respect to the magnitude of its primary production, Lago do castanho can be
classified with other highly productive tropical and subtropical waters (compare TALLING
1957;1965:'GANF 1970;IMEVBORE et al.1910 a.o.) especialiy during the optimal sea-
son. The maximum production per unit volume would be found around the months of Oc-
tober and November, and the maximum production per surface area between June and Sep-
tember. The maximum values which are known from a number of tropical and subtropical
waters, for exarnple Lake Mariut in Egypt (ALEEM and SAMAAN 1969), numerous fonds
and reservoirs in India (SREENIVASAN 1964 a;1964 b; 1965; 1969;|9TO;HUSSAINY
1967;KHAN and SIDDIQUI I97l a.o.) and also for Lake Kinnereth (HEPHER and
LANGER 1969) regarding the primary production of phytoplankton per unit volume are
however not reached by the results determined for Lago do Castanho. The reason for this
may be at least in part, the more favorable nutrient conditions in those waters, which in
contrast to Lago do Castanho are in most cases greatly influenced by man. On the other hand,
it should also be remembered that because of the special optical conditions in Lago do Cas-
tanho, the productivity ofphytoplankton cannot reach the heigþt which it could reach on
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Fig. 12. Relationships between Secchi transparency and primary productivity of phyto-
plankton at the optimal depth zone in different Amazonian waters.
the basis of the available nutrients. It is not surprising therefore that other tropical waters
which do not, however, have the same production density as this lake, do reach a greater
area production of phytoplankton. This is true, for example, for the Amatitlan in Central
America (DEEVEY 1957), numerous relatively clear lakes in Africa (TALLING 1957;
1965), and 
- 
as already indicated 
- 
also for the lower course of the Rio Tapajó2.
5.2. Primary production and fish yield:
In the oceans, approximately I to 2% of the organic carbon produced by the phyto-
plankton is converted into fìsh meat (RYTHER 1969). For inland waters HEPHER (1962)
reported values of 1,3 to2,3% and RUPP and ROCHE (1965) reported the still higher val-
ue of .4,5%. Starting with an annual net production of 3 t Clha at a conversion rate of 2Vo
in Lago do Castanho, a fish production of at least 60 kglhalyeu could be expected from
the primary production of the phytoplankton alone. Further considering the portions added
by the primary production of floating meadows, and the allochthonous supply of organic
matter which is probably of considerable importance because of great shore development,
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year is surely not too high.
The annual catch yields, however, can be considerably less (SREENIVASAN 1964;
1969; GANAPATI and SREENIVASAN 1968 a.o.). They are especially reduced if the wa-
ters are not well managed, as for example by over-fishing, reduction of natural reproduction
of fish by catching immature fish or spawning hatch caring animals, by encroachment of
their ecological niches which are decisive for the different stages of development etc.
An increase in primary production and thus also in fish production seems to be pos-
sible in Lago do Castanho primarily by improvement of the optical conditions in the water
body and only secondarily by fertilization. If it were possible, for example, to dam the lake
in such a way that with the high water level the "ferlilizing" river water could flow in, and
that at low water the lake level would not be so greatly reduced as it is now, then the annual
production in the entire lake would no doubt rise substantially and a migration of the fishes
would be prevented. Based on the limnological conditions, a dam may only be about 5 m
high. Then, on the one hand, new river water could still flow into the lake and on the other
hand, polymictic conditions would still be present with a water level of 5 m, i.e. a longer las-
ting layering with oxygen depletion at the bottom would also be prevented with low water.
On the contrary, total dammimg, without regard for the higher costs, would have the disad-
vantage that the water body would stagnate during the entire year 
- 
not only during high
water phase 
- 
and the supply of nutrient rich river water would be prevented.
6. Summary
The primary productivity of phytoplankton in Lago do Castanho is characterized by a high pro-
duction density (production per unit volume g C/m3). Because of unfavourable optical conditions in the
water body, however, the thickness of the productive area is generally small. It fluctuated according to
the season between 6 m and less than 0,5 m.
Seasonal differences occur in the productivity per unit volume and a¡ea. In the lower water phase,
between October and November, the production density reaches its maximum of net 2,1 5 g C/m3 /d. The
corresponding minimum value was 0,32 g Clm3 ld and was measured in the period of influx of turbid rive¡ .
water into the lake basin, which dilutes the phytoplankton densities further on. This phase lasted f¡om Jan-
uary till May.
The area production i.e. the production per unit area, reached its maximum at high water when
inflow of river water had ceased. This phase lasted from around the middle of May till the end of Sep-
tember. The hþhest value of production per unit area in Lago do Castanho was 1,5 g Clm, ld.
The annual mean net productivity amounted to 0,8 g clm2 ld. The gross production per m, was
arcund 25-40% greater than the corresponding net production.
Within the same season the noticeable fluctuations in production varied only slightly from day to
day. Photosynthesis of phytoplankton showed clear daytime differences. It was lower in two tests between
14 and 18 h than between 6-10 h and 10-14 h.
Theportionof thedarkfixationof C1a fluctuatedbetween l-6%of lhe Cta fixationinlightbot-
tles.
In the yeæ between the end ofAugust 1967 and the end ofAugust 1968 the net productivity of
phytoplankton in Lago do Castanho amounted to approximately 3 tClha. The corresponding gross pro-
duction was approximately 3,9 t C/ha,
On the basis of chlorophyll data of the trophogenic zone 
- 
the average was 0,052 mg/l 
- 
a mean
C content of 0,8 mg/t bound in phytoplankton was calculated, opposed to 10 
- 
I 5 mg. total C/t dissolved
and suspended C compounds in the water.
' The mean aþal biomass calculated from the chlorophyll data was, in the trophogenic zone,
1,9 g Clm2 and 3,8 g ash free dry weight/mz . From this aþal biomass and the avelage gross productivity




Altogether the results showed that in Lago do Castanho, as a type of tropical inland lake fed by
!Íhite water, the most important facto¡ cont¡olling primary production of phytoplankton is the lþht
which primarily limits it ¡athe¡ than the nut¡ient content in the wate¡.
In a discussion of the conditions of production determined for Lago do Castanho, they are com-
pæed with other tropical inland wate¡s.In this connection, it is apparent that this lake can be placed
with other higher productive waters, that however a production as hþh as it was found in some tropical
wate¡s which are eutrophicated more or less due to human influence cannot be achieved in Lago do Cas-
tanho. The production per swface area in Lago do Castanho is mainly limited by the unfavourable op-
tical conditions, the wate¡ being especially characterized by high contents of mineral and organic detri-
tus.
On the basis of the primary production of phytoplankton in Lago do Castanho, one can expect a
fish production ofat least 60 þ per hectare per year. Considering the portions ofthe littoral and ter¡es-
trial environment, an estimate of an average yearly fish production of 1,00-150 kg/ha seems realistic. In
conclusion, a short discussion of the possibilities for raising the primary production and thus fish production
is given.
7. Resumo
A produtividade primtíria do fitoplâncton no Lago do Castanho é cancteizada por altas densidades
de produção G C/m'). Através de condições ópticas desfavoráveis porém, a espessura dazona produtiva é
em geral pequena. Ela oscila, conforme a época do ano, entre 6 m e 0,5 m.
Diferenças sazonais da produtividade ocorrem por unidade de volume e de ârea. Na época do nível
d'água mínimo, i.é. aproximadamente em outubro e novembio, a densidade de produção alcançou o seu
máximo com 2,15 g Clm3 ld líqüido. O valor mínimo correspondente en controu-se ao redo¡ d,e 0,32 g Cl
m3/d, e foi averþuado na época do influxo de água fluvial turva na bacia do lago. Esta fase extende-se
aproximadamente de janeiro a maio.
A produção areal, i.é. a produção por unidade de rírea, foi mais alta por ocasião da enchente quando
terminou a entrada de água fluvial, alcançando valôres de 1,5 g Clm'z ld. Esta fase extende-se aproximeda-
mente de meados de maio a fins de setembro.
Na média anual, a produtividade líqüida perfez 0,8 S Clm'z ld. A produção bruta por m' foi cêrca de
25-40% superior à produção líqüida correspondente.
Em uma época anual as variações da produção observadas de dia a dia variavam relativamente pouco,
O rendimento fotossintética do fitoplâncton apresentou porém nítidas diferenças di¿írias. Em duas exper-
iências foi menor entre 14-18 H do que entre 6-10 respectivamente 10-14 h.
A participação da fixação de Cra no escuro oscilou de l-6% da fixação de Cra em garrafas claras.
No período anual de fins de agôsto de 1967 a fins de agôsto de 1968 a produtividade líqüida do
fitoplâncton no Tågo do Castanho pefiez cètca de 3 tlha. A produção bruta correspondente situou-se ao
redor de 3,9 t Clha.
A partir dos dados de clorofila na zona trofogênica em média 0,052 mg/l 
- 
foi calculada uma quan-
tidade média de C fixada no fitoplâncton de 0,8 mg/I. A êste valor corresponderam aproximativamente l0-
15 mg de C-total/I, portanto compostos de C dissolvidos e suspensos na íqua.
A biomassa média de algas por m2 calculada a partir dos dados de clo¡ofila perfez na zona trofogên-
ica t,9 g C/m'?, respectivamnete cêrca de 3,8 g de pêso sêco sem cinzas/m2. A partir desta biomassa de algas
da produtividade bruta média de cêrca de 1 ,1 g C/m'? foi possível deduzir uma razão de turn-over média de
I ,7 dias paÍa a zoîa trofogênica.
De maneira geral, os resultados mostraram que, no Lago de Castanho, como tipo de um lago interior
altamente tropical alimentado com água btanca, dentre os fatôres controlado¡es da produção primária do
fitoplâncton a luz é mais importante e antes limitante do que o teor em nuÍientes de água.
Na discussão, comparam-se as condições de produção averiguadas para o Lago do Castanho com as de
outras águas continentais tropicais. Mostrou-se assim que êste lago deve ser colocado navizinhança de outros
corpos d'água altamente produtivos, mas que nâ'o são alcançados rendimentos de produção tão elevados como
são encontrados em aþumas águas tropicais mais ou menos eutroficadas por influências humanas. A prod-
ução areal é limitada no Lago do Castanho primordialmente pelas condiçõés ópticas desfavoráveis.
Com base na produção primríria do fitoplâncton deve-se esperar uma produção píscea de pelo menos
40t
60 kg por hectar e ano. Levando-se em consideração a participação do litoral e do ambiente terrestre circ-
undante, uma avaliação da produção pßcea anual no lago de em média 100-150 kg/ha parece ser realística.
Finalizando, são discutidas ràpidamente as possibilidades de aumento da produção primiíria e assim
da produÇão píscea.
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